Introduction
Metastasis to the adrenal gland is a common complication of malignancy, with a reported incidence of 13-27%. 1, 2 These lesions are rarely clinically significant, however, and massive adrenal hemorrhage into the retroperitoneum with shock secondary to metastasis is rare. 3 We report a case of hepatocellular carcinoma (HCC) with metastatic adrenal tumor bleeding. Transarterial embolization (TAE) to stop tumor bleeding was successful. Tumor resection with left adrenalectomy was performed after the embolization. The clinical manifestations, diagnostic modalities, treatment and prognosis for adrenal tumor bleeding are also reviewed.
Case Report
A 37-year-old man presented to our emergency room in March 2004 because of acute-onset dull pain in the left flank radiating into the left upper abdomen. The patient had not recently sustained any trauma. Past history included chronic hepatitis B-related liver cirrhosis. In March 2002, he had visited our hospital because of right-side abdominal pain. Computed tomography (CT) scan at that time revealed a huge mass in the left hepatic lobe ( Figure 1A) , with a high level of α-fetoprotein (AFP; 61.83 ng/dL; reference range, 0.00-10.00) detected. From these findings, HCC in the left hepatic lobe was strongly suspected, and a left hepatic lobectomy was performed in April 2002. Spontaneous rupture of metastatic adrenal tumor with massive retroperitoneal hemorrhage and shock is an uncommon clinical event. Herein, we report a case of hepatocellular carcinoma (HCC), where left hepatic lobectomy and right adrenalectomy for metastatic HCC were performed in April and August 2002, respectively. Subsequently, the patient presented to the emergency room with acute-onset severe left flank and back pain in March 2004, accompanied by a falling hemoglobin level. Computed tomography revealed a 7-cm left adrenal tumor mass with retroperitoneal hemorrhage. The ruptured adrenal tumor was further confirmed by selective angiography, which demonstrated that the bleeder was supplied by the left suprarenal artery. Transarterial embolization (TAE) to stop tumor bleeding was performed successfully. The patient then underwent tumor resection with left adrenalectomy 5 days after the embolization, with pathology subsequently revealing metastatic HCC. The recurrent intrahepatic HCC was controlled with TAE, and the patient underwent hormone replacement therapy with prednisolone 10 mg/day. Metastatic adrenal tumor bleeding should be suspected in hepatoma patients who suffer abrupt flank pain and shock. Hemodynamically unstable patients require supportive transfusions and urgent surgical exploration. Angiographic embolization, if deemed feasible, may be a valuable adjunct for achievement of hemostasis prior to definite surgery. Histopathologic examination confirmed HCC. Two months after the operation, the AFP level had decreased to within the normal range (7.63 ng/dL). At the 4-month follow-up, however, the AFP level had increased to 10.21 ng/dL. Diagnostic CT revealed a solitary well-enhanced nodular mass with central necrosis in the right adrenal gland, about 6 cm in diameter, strongly suggestive of metastasis ( Figure 1B ). There was no evidence of recent hemorrhage inside the right adrenal tumor. An endocrine survey revealed cortisol level of 18.3 µg/mL (normal range, 4.0-12.0 µg/mL), adrenocorticotropic hormone of 22.6 pg/mL (normal range, 0.0 -46.0 pg/mL) and 24-hour urine vanillylmandelic acid of 1.1 mg/day (normal range, 1.5-7.5 mg/day). As there was no evidence of other extrahepatic metastasis or intrahepatic recurrence, the right adrenal tumor was resected 4 months after the 1 st operation. Pathologic examination revealed adrenal metastasis of HCC. AFP (3.59 ng/dL) decreased to within normal range 2 months after this operation. One year and 5 months after the 2 nd operation, however, AFP increased to 12.14 ng/dL again. CT and magnetic resonance imaging (MRI) revealed a well-enhanced and welldemarcated tumor ( 
CASE REPORT

P.W. Yang, et al
Hemoglobin was 14.1 g/dL, but this fell to 8.9 g/dL within the first 24 hours. CT showed enlargement of the left adrenal gland with ill-defined contour and surrounding hematoma formation in the left perirenal fascia and splenic hilum up to the left subdiaphragmatic space. Contrast-enhanced CT also showed areas of higher density within the mass, suggestive of active bleeding ( Figure 2 ). Transfemoral abdominal angiography was used to identify the bleeding site ( Figure 3A) . Coil embolization in the bleeding vessels, specifically branches of the left suprarenal artery, was performed ( Figure 3B ), with active bleeding successfully controlled. Another operation was performed 5 days after the embolization for evacuation of the hematoma and excision of the adrenal gland, which showed tumorous changes. Immediately after the surgery, cortisol supplementation was initiated according to the following daily regimen: operation to postoperative day 2, 100 mg hydrocortisone (intravenous); postoperative days 3-7, 15 mg prednisolone tablet daily; after postoperative day 7, 10 mg prednisone tablet daily. Histopathologic examination revealed metastatic cancer cells in the left adrenal tumor similar to HCC. When the histologic findings for specimens from the primary HCC and the metastatic left and right adrenal tumors were compared, there was no definite differentiation of tumor cells (Figure 4 ). The postoperative course was uneventful, with the patient discharged on postoperative day 28, and steroid hormone replacement with prednisolone 10 mg/day prescribed. TAE for recurrent HCC was arranged after the 3 rd operation, and the patient was still alive at follow-up 18 months after the 3 rd operation ( Figure 5 ).
Discussion
Usually discovered incidentally in autopsy studies, metastatic lesions to the adrenal glands are rarely clinically significant, however, up to 27% of deceased cancer patients are found to harbor adrenal metastases. 2 With the continuing development of imaging techniques, an increasing number of adrenal metastases are being detected incidentally during follow-up or at the time of initial presentation. 4 In this case, the AFP value was useful for detecting adrenal metastasis. Sequential follow-up evaluation of tumor markers and diagnostic imaging is essential for the early detection of metastatic lesions.
Adrenal metastasis rarely produces symptoms. 5 However, our patient presented with acute-onset severe left flank and back pain, accompanied by a fall in the hemoglobin level, due to adrenal hemorrhage. The major clinical manifestations of adrenal hemorrhage depend on whether 1 or both adrenal glands are involved, if their function is partially or completely destroyed, and the extent of the protrusion/containment of the hemorrhage within the adrenal glands. Signs and symptoms may include severe pain in the upper abdomen of abrupt onset, usually radiating to the flank, occasionally with diaphragmatic irritation. There may be signs of peritoneal irritation, especially when blood enters the peritoneal cavity. Shock and decreasing hemoglobin concentration may occur, but not invariably. 6 We selected CT as the first choice of diagnostic modality because of its unique ability to identify tissue densities characteristic of blood, fat and so forth. 7 Typically, CT findings show an inhomogeneous, mixeddensity adrenal mass with extensive perirenal changes. 6 Acute bleeding is often identified as areas of higher density within the mass on contrast-enhanced CT. 8 Report of bilateral adrenalectomy for HCC metastases is rare. It is of interest to discuss the therapeutic strategy for such cases, however. Metastasis of HCC to the adrenal gland, which is the 2 nd most common site of hematogenous spread after the lung, has been reported in 8.4% of cases on autopsy. 9 With improved imaging modalities, metastatic adrenal tumors can be identified at an early stage before spread to any other part of the body. The discovery of adrenal metastasis in patients with primary tumor automatically transfers them to an advanced stage. 3 Recent advances in the diagnostic and therapeutic modalities used for many tumors have resulted in increased life expectancies in some cancer patients, 3, 10, 11 and increased the clinical significance of distant metastases. Therefore, it is possible to improve the prognosis of adrenal metastasis from HCC through multidisciplinary treatment. Therapeutic modalities should be chosen according to each individual's clinical features, including the size of the metastatic tumor, whether there is invasion into the inferior vena cava, function of the remaining liver, and the existence of intrahepatic and/or nonadrenal extrahepatic lesions. 12, 13 Several treatment modalities are available for adrenal metastasis from HCC, such as adrenalectomy, TAE, percutaneous ethanol injection therapy (PEIT) and radiation therapy. With respect to TAE, the adrenal gland has 3 feeder arteries (inferior phrenic artery, abdominal aorta, renal artery), making it difficult to perform complete TAE for adrenal tumors. 12 The US-guided PEIT technique not only involves technical difficulties with respect to puncture of a small nodule situated deep in the back behind the cirrhotic liver, but also carries a risk of tumor seeding via the needle tract or bleeding from the punctured tumor. 12 The effect of radiation therapy on adrenal metastasis was uncertain in the past, 13 however, some progress has been achieved recently with respect to advancement of this therapeutic modality. Adrenal metastases from HCC are sensitive to radiation treatment. Radiation therapy (50 Gy) for adrenal gland metastases is good palliative therapy for pain relief, providing reasonable safety.
14 Surgical resection is indicated when the extrahepatic recurrence is solitary and intrahepatic recurrence is not found; at this stage, it is also the only way to achieve long-term disease-free survival. 12, 13 Since patients with an adrenal mass are at risk for hemorrhage into the adrenal gland in the event of tumor growth, the prevention of massive adrenal hemorrhage may prolong their survival and enhance quality of life. 15 Based on the encouraging 18-month survival achieved in our patient after treatment for metastatic adrenal tumor hemorrhage, it appears reasonable to suggest aggressive surgical treatment for HCC and its adrenal metastasis if intrahepatic recurrence and/or other extrahepatic metastases are controlled. If other lesions are not so well controlled, however, interventional therapies such as TAE, PEIT and radiation therapy would be the treatment of choice for adrenal metastasis from HCC. 13, 16 When the left-side adrenal tumor bleeding was detected in our case, supportive transfusions and TAE were selected as the first choice of treatment because: (1) clinically significant adrenal hemorrhage secondary to metastasis is rare, and most of the reported patients were stabilized hemodynamically after transfusions and required no further surgical intervention; 3 (2) massive bleeding from an adrenal metastasis requires surgical laparotomy for hemostasis, 3 however, acute surgical removal of an adrenal tumor within a large retroperitoneal hematoma should be avoided as proper oncologic resection may not be possible under such conditions; 17 and (3) in patients with active bleeding, angiographic embolization is a valuable adjunct for achievement of hemostasis, allowing further workup of the adrenal tumor and improvement in the effectiveness of subsequent oncologic resection. [17] [18] [19] [20] In this case, the clinical course of massive tumor bleeding from adrenal metastasis shows the efficacy of embolization with respect to achievement of hemostasis prior to subsequent tumor resection, however, the clinical significance of this strategy can be evaluated only after further long-term follow-up of a relatively large number of patients.
Metastatic adrenal tumor bleeding should be suspected in HCC patients who suffer abrupt flank pain and shock. CT scan is suggested as initial screening for probable bleeding focus. Hemodynamically unstable patients require supportive transfusions and urgent surgical exploration. Angiographic embolization, if deemed feasible, may be a valuable adjunct for achievement of hemostasis prior to definite surgery.
